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(54) Title: LABELLED TAXANES 

(57) Abstract: There are provided stable labelled taxanes, characterized in that the isotopes are present in the benzoyloxy group at 
the C-2 position. More particularly, one or more of the hydrogen or carbon atoms of the benzoyl residue at the C-2 position of the 
taxane skeleton is replaced respectively from deuterium or 13C.A process for their preparation and their use as internal standard in 
analytical methods for determining taxanes, useful anticancer drugs, are also provided. 
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LABELLED TAXANES 
BACKGROUND OF THE INVENTION 
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labelled with a high amount of stable isotopes in the skeleton in order to improve the 
accuracy and specificity of the analytical method to determine the drug or its 
metabolites, preferably in the biological fluids. 

The chemistry of paclitaxel and its analogues is not trivial. In the literature, many papers 

5 reported methods that can be used to introduce stable- or radio-isotopes in the molecule 
of paclitaxel or its analogues [D.Giribone, E.Fontana, J. Labelled Compounds and 
Radiopharmaceuticals, 2000, 43, p. 933-41; LRodriguez et al., J. Labelled Compounds 
and Radiopharmaceuticals, 2000, 43, p. 169-76; D.D.Dischino et al., X Labelled 
Compounds and Radiopharmaceuticals, 1995, 39, p. 173-9; S.deSuzzoni et al., J. 

10 Labelled Compounds and Radiopharmaceuticals, 1995, 36, p. 739-43; D.G.Walker et 
al., J. Labelled Compounds and Radiopharmaceuticals, 1995, 36, p. 479-91; 
D.G.Walker et al., J. Labelled Compounds and Radiopharmaceuticals, 1994, 34, p. 973- 
80; D. G. I. Kingston et al., J. Nat Prod., 2000, 63, p. 726-34 and WO01/94328-A1]. 
These approaches involve the introduction of the isotopes in one of the side chains 

15 attached at taxane skeleton, mostly in that at the C-13 position. However these methods 
require the availability of synthons that can be prepared only according to non-trivial, 
time-consuming, multi-step synthetic sequences. Another possibility, valid only for 
paclitaxel, was the deuterium labelling at the 10-O-acetyl moiety, which was described 
in two papers [S.HHoke et al., J. Nat Prod., 1994, 57, p. 277-86; P.Heinstein et al, J. 

20 Chem. Soc. Perkin Trans. 1, 1996, p. 845-51], In both cases the key-step was the 
reaction of the deuterated acetyl chloride with a suitable 10-O-deacetyl paclitaxel. 
Again the precursor is not easily available, the yield is low and the isotopic enrichment 
of the final compounds is questionable. 

25 DETAILED DESCRIPTION 

The present invention provides stable labelled paclitaxel, docetaxel or other taxanes, 
their use in analytical methods and a process for their preparation starting from 
commercially available stable labelled precursors at high isotopic enrichment and non- 
labelled taxane intermediates that can be easily synthesized starting from paclitaxel, 
30 do cetaxel or other taxanes. 

In particular, the present invention provides stable labelled taxanes of the formula I: 
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a t nm an acetyl group or ahydroxy protecting group; 
wherein Rl represents hydrogen atom, an acetyl gr p {omM : 



-NH 




wherein R2 represents benzoyl 
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a) 2 -lring-U- 13 C]-benzoyl-paclitaxel; 

b) 2-lring-U- 13 C]-benzoyl-docetaxeland 
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greater than 99%. 
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Another object of the present invention is the use of a labelled taxane of the formula I as 
defined above in an analytical method, preferably in order to determine a taxane in the 
biological fluids. 

More preferably, the present invention provides the use of a labelled taxane of the 
formula I as defined above as an internal standard. 

Still more preferably, the present invention provides the use of 2-[ring-U- 13 C]-benzoyl- 
paclitaxel as an internal standard in an analytical method for determining paclitaxel in 
the biological fluids. 

The present invention also provides a process for preparing the labelled compounds of 
the formula I, which process comprises: 

i) reacting a compound of the formula HI 



wherein R4 represents a hydroxy protecting group and R, Ri are as above 
defined, with an isotopically labelled benzoic acid, 
ii) removing of the hydroxy protecting groups from the resultant compound of 
the formula IV: 



IV 

wherein R, R Xj R4, X, X u Xa, X3, X4 , Y and Y x are as above defined, 
to give the desired labelled taxanes of formula I and, if desidered, 
iii) converting a compound of formula I into a different compound of formula I 
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preferably within the range of 1 - 2 M. The progress of this reaction is checked by an 
analytical method, for example thin layer chromatography or high performance liquid 
chromatography or mass spectrometry, and is complete when no starting material of 
formula IV is detected, generally within about 1 hour. 
5 At the end of this reaction the mixture is diluted with a solvent non-miscible with water, 
for example ethyl acetate, then washed first with a solution of a base, for example 
sodium bicarbonate in water and eventually with a saturated water solution of an 
inorganic salt, for example sodium chloride. 

The organic solution of the compound of interest is dried and filtered, for example 
10 through phase separator membrane or a sintered glass filtering funnel with an inorganic 
drying agent such as sodium sulfate, and the crude material containing compound I is 
recovered after solvent evaporation to dryness. 

The crude material containing the compounds of formula I is preferably purified by 
using techniques well known in the art. 

15 For example, preparative-column chromatography using C-8 reverse phase HPLC along 
with appropriate eluants as mixtures of water and organic solvents may be used to 
effectively purify the desired compound. The pure compound I is recovered as an 
organic solvent solution by partitioning the HPLC eluate of interest between a solvent 
non-miscible with water, for example ethyl acetate, and a saturated water solution of an 

20 inorganic salt, for example sodium chloride. 

Hie pure the compounds of formula I is recovered as a white solid after solvent 
evaporation to dryness. 

A compound of formula I wherein R represents hydrogen atom or a hydroxy protecting 
group, namely a labelled baccatin derivative, may be easily converted into a compound 
25 of formula I wherein R represents a residue of the formula II as defined above by well 
known procedures. In particular, we refer to the process described in W097/42167-A. 
The starting compounds of formula HI can be easily obtained according to techniques 
well known in the art, summarized in the following scheme, where R, R x and R4 are as 
defined above: 
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Ri^-O o OH 




protection 





2-debenzoylation 




m 6' 

The compounds of formula HI in which for example R, is an acetyl group, R* is a 
triethylsilyl group and R is a residue of formula II: 




5 whereinR. is abenzoyl or tert-butoxycarbonyl group and Rs is atert-butyldimethylsxlyl 
group can be obtained starting from paclitaxel or docetaxel according to techniques well 
knownintheartrsee for example HPark et al. J.Med. Chem, 1996, 39,p. 2705-2709; 
D G.LKingston et al., J. Med. Chem, 1998, 31. p. 3715-3726; GXGeorg et al., 
TetrahedronLetters, 1994, 35, p. 8931-8934]. For example, aselective 2-O-benzoyl 
10 cleavage can be accomphshed by treatment of a dichloromemane solution of a 

compound of formula VI with a solution of benzyltrimethylamtnonium hydroxide m 
methanol (Triton B®) at low temperature in nitrogen atmosphere under strictly 
controlled conditions. The compounds of formula IH in which for example R and R4 are 
triethylsilyl groups and Rl is an acetyl or triethylsilyl group can be obtained startmg 
15 from baccatm or 10-deacetylbaccatin HI according to techniques well known m the art 
[see for example S-H.Chen et al., Bioorg. Med. Chem Letters, 1998, 8, p. 2227-2230; 
LOjima et al., Bioorg. Med. Chem. Letters, 1999, 9, p. 3423-3428]. 
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EXAMPLE 1 

r-O-ffe^butvldto^ 

To a stirred suspension of [ring-U-^CJbenzoic acid (0.1982 g, 1.48 mmoi) in anhydrous 
toluene (1.5 ml) at about 25°C, NjN^cyclohexylcarbodiimide (0.3085 g, 1.50 mmol) 

5 and 4-pyrrolidinopyridine (15 mg, 0. 1 mmol) were added under nitrogen. After 5 
minutes of stirring the compound 2 , -0-(ferf-butyldimethylsilyl)-2-debenzoyl-7-0- 
(triethylsilyl)paclitaxel [0.1445 g, 0.15 mmol, prepared starting from paclitaxel as 
described by KPark, M.Hepperle, T.C.Boge, BLHHimes, GLGeorg, J. Med. Chem. 
(1996) 39: 2705-9 and by D.GLKingston, A.GChaudhaiy, M.D.Chordia, MGharpure, 

10 A.A.L.Gunatilaka, P.Giannakakou, Y.Q.Jiang, C.M.Lin, HLHamel, B.H.Long, 

CILFairdiild, K A Johnston, X Med. Chem. (1998) 31: 3715-26] was introduced into 
the reaction flask The suspension was kept at 60°C under nitrogen with stirring for 28 
hours. The mixture, which showed the absence of the taxane starting material (checked 
by HPLC on C-8 reverse phase column along with eluants as mixtures of water- 

15 acetonitril^-trifluoroacetic acid from 75:25:0.1 to 10:90:0.1 by volume), was then 
cooled to about 25°C, diluted with ethyl acetate (15 ml) and filtered obtaining a clear 
solution. After solvent evaporation under reduced pressure a crude material containing 
the compound 2'-0-(fe^butyldimethylsUyl)-2-[ring--U- 13 C]-benzoyl-7-0- 
(triethylsilyl)paclitaxel was recovered. The crude material was dissolved in a mixture of 

20 ethyl acetate and n-hexane (3:7 by volume, 5 ml) and chromatographed on a silica gel 
column (150x6.0 ID mm) using a solvent system made by mixture of ethyl acetate and 
n-hexane (3:7 by volume, 2.5 1) as eluant Fractions of about 50 ml were collected and 
checked by HPLC on C-8 reverse phase column along with eluants as mixtures of 
water-acetonitrile-trifluoroacetic acid from 75:25:0.1 to 10:90:0.1 by volume. The 

25 fractions from number 13 to number 28 were pooled as necessary and evaporated to 
dryness. Two batches of the title compound consisting of 77 mg and 47 mg with a 
purity of about 90% and 60% respectively were recovered as white solids. The purity 
was assessed by HPLC (on C-8 reverse phase column along with eluants as mixtures of 
water-acetonitrile-trifluoroacetic acid from 75:25:0.1 to 10:90:0.1 by volume, linear 

30 gradient over 13 minutes and 8 minutes of isocratic elution, detection wavelenght = 240 
nM), the retention time of title compound (Rt = 17.7 minutes) was the same as the 
retention time of an authentic non-labelled sample. The mass spectrum of the title 
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compound was recorded using the electrospray ionization technique (ESI) with positive 
ion detection The ESI mass spectrum showed the protonated molecular rons at m/z 
1088 amu and also another characteristic cluster at m/z 1105 amu (M+NHi*). TheNMR 
spectrum recorded in CDCU at 400 MHz showed the following signals expressed as 
chemical shifts (ppm): 8.27-8.38, m; 7.89-7.99, m; 7.67-7.83, m; 7.27-7.52, m; 7.03- 
7 09 d- 6 45, s; 6.22-6.30, m; 5.72-5.77, dd; 5.69, d; 4.96, dd; 4.68, d; 4.48, dd; 4.32, d; 
4 22 d; 3.85, d; 2.58, m; 2.47-2.56, m; 2.33-2.46, m; 2.17, s; 2.05-2. 15, m; 2.03, d; 
1.87-2.02, m; 1.71, d; 1.69, s; 1.27, s; 1.22, s; 0.87-0.98, t; 0.80, s; 0.54-0.64, r* -0.02, 

s; -0.29, s. 
0 EXAMPLE 2 

Cnidr 2 frinf TT-»q.h m rnvl-paditaxel 
The compound 2 '-0-(^butyldime^^^ 

(trielhylsilyDpacUtaxel, prepared in EXAMPLE 1, (73 mg, about 9 0 o/o pure) was 
dissolved under nitrogen in a cold (about 4°C) 1 .5M solution of hydrogen chlonde m 
15 anhydrous methanol (4 ml). After 5 minutes of stirring the clear solution was wanned to 
about 25°C and stirred for further 60 minutes. The reaction mixture that showed the 
absence of taxane starting material (checked by HPLC on C-8 reverse phase column 
along with eluants as mixtures of water-acetonitrile-trifluoroacetic acid from 75:25:0.1 
to 10-90 0 1 by volume) was diluted with ethyl acetate (40 ml) and was washed 4 tunes 
20 with a 4% (by weight) aqueous solution of sodium bicarbonate (3 ml each time). All the 
aqueous washings were pooled and extracted with ethyl acetate (6 ml). All the orgaiuc 
phases were pooled, washed 4 times with water saturated with sodium chloride (3 ml 
each time), filtered through a phase separator septa and evaporated to dryness under 
reduced pressure. A crude material containing the compound 2-[ring-U- 13 C]-benzoyl- 
25 paclitaxel, (also named [»C6]paclitaxel, 67 mg about 60% pure) was recovered as a 
white solid. The purity was assessed by HPLC (on C-8 reverse phase column along wrth 
eluants as mixtures of water-acotonitrile-trifluoroacetic acid from75:25:0.1 to 10:90:0.1 
by volume, linear gradient over 13 minutes and 8 minutes of isocratic elution, detection 
wavelenght = 240nM), the retentiontime of title compound (Rt= 17.7 minutes) was the 
30 same as of an authentic non-labelled sample. The mass spectrum of the title compound 
was recorded using the electrospray ionization technique (ESI) with positive ion 
detection. The ESI mass spectrum showed the protonated molecular ions at m/z 860 
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amu and also two other characteristic clusters at m/z 877 amu (M+NEU**) and 882 amu 
(M+Na 4 ). 

EXAMPLE 3 

5 Crude 24ring-U- B Cybenzovl--paclitaxel 

The compound 2-[ring-U- 13 C]-benzoyl-paclitaxel, prepared in EXAMPLE 1, (45 mg, 
about 60% pure) was dissolved under nitrogen in a cold (about 4°C) 1.5M solution of 
hydrogen chloride in anhydrous methanol (4 ml). After 5 minutes of stirring the clear 
solution was warmed to about 25°C and stirred for further 60 minutes. The reaction 

10 mixture that showed the absence of the taxane starting material (checked by HPLC on 
C-8 reverse phase column along with eluants as mixtures of water-acetonitrile- 
trifluoroacetic acid from 75:25:0. 1 to 10:90:0. 1 by volume) was diluted with ethyl 
acetate (40 ml) and was washed 4 times with a 4% (by weight) aqueous solution of 
sodium bicarbonate (3 ml each time). All the aqueous washings were pooled and 

15 extracted with ethyl acetate (6 ml), All the organic phases were pooled, washed 4 times 
with water saturated with sodium chloride (3 ml each time), filtered through a phase 
separator septa and evaporated to dryness under reduced pressure. A crude material 
containing the compound ([ 13 C6]paclitaxel, 42 mg about 45% pure) was recovered as a 
white solid. The purity was assessed by HPLC (on C-8 reverse phase column along with 

20 eluants as mixtures of water-acetonitrile-trifluoroacetic acid from 75:25:0.1 to 10:90:0.1 
by volume, linear gradient over 13 minutes and 8 minutes of isocratic elution, detection 
wavelenght = 240 nM), the retention time of title compound (Rt = 17.7 minutes) was the 
same as of an authentic non-labelled sample. The mass spectrum of the title compound 
was recorded using the electrospray ionization technique (ESI) with positive ion 

25 detection. The ESI mass spectrum showed the protonated molecular ions at m(z 860 
amu and also two other characteristic clusters at m/z 877 amu (M+NH4 4 ) and 882 amu 
(M+Na 4 ). 
EXAMPLE 4 

Purification of crude material containing 2-rring-U- 13 Cl-benzovl-paclitaxel 
30 A solution of the crude material prepared in EXAMPLE 2 or in EXAMPLE 3 having 
the concentration of about 7 mg/ml was prepared in the solvent system 
dimethylsulphoxide-water-acetonitrile (25:25:50 by volume). Aliquots of 1+4 ml of this 
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solution mm H«<* *» pmp"*™** I—" 

^ flow t*e=20 riM-K - 1 - — *» " OT fr""*"* ™ 

^F^n "ri-benzovl-oaclitaxe and to collect the 
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sodium chloride and extracted 4 times with ethyl acetate (6 ml each tune). All the 
B organic phases were pool* Steed through phaae separator soph, and evaporafcd 
15 orgamcp r »cUenzoyl-pacliticcel was obtained 

d^ s fe>mn-haxano.Thecontponnd2-[nng-U- C] benzoyl p 
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Claims 

LA stable labelled taxahe of the formula I: 




R. 



oho v 



/ n 



I 




10 



15 



wherein Ri represents hydrogen atom, an acetyl group or a hydroxy protecting group; 
R represents hydrogen atom, a hydroxy protecting group or a residue of the formula It 



n 

wherein R2 represents benzoyl or tert-butoxycarbonyl group; R3 represents hydrogen 
atom or a hydroxy protecting group; 

X, Xi, X 2 , X3 and X4 independently represent CD, 13 CD, 13 CH or CH; Y and Yi 
independently represent C or 13 C, wilh the proviso that X, Xi, X 2 , X 3 , X4 are not all CH 
when Y and Yi are both C. 

2. A stable labelled taxanes of the formula I according to claim 1 in which the hydroxy 
protecting groups are selected from silyl hydroxy protecting groups and 2,2,2- 
trichloroethoxycarbonyl group. 

3. A stable labelled taxanes of the formula I according to claim 2 in which the hydroxy 
protecting groups are selected fromtrimethylsilyl, triethylsilyl, tert-butyldimethylsilyl 
and siamyldimethylsilyl group. 

4. A stable labelled taxanes of the formula I according to claim 1 in which Ri represents 
hydrogen atom or an acetyl group, R represents a residue of the formula II 
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wherein Ra represents benzoyl or tert-butoxycarbonyl group and 

R3 represents hydrogen atom; X, *. X* X* X* are "CH, Y and Y, are both C. 

5. A stable labelled taxanes of the formula I which is: 
2-[mg-U- u C]-benzoyl-paclitaxel; 

2-[ring-U- 13 C]-benzoyl-docetaxel or 
2_[rin g -U- 13 C]-baizoyl-l O-desacetyl-baccatin ITL 

6. Use of a labeued taxane ofmeformulalas defined in claim 1 in an analytical 
method. 

7. Use of alabelled taxane according to claim 6 in order to determine a taxane m the 
biological fluids. 

8. Use of alabeUed taxane according to claim 6 as an internal standard. 

9. Use of 2-[ring-U- 13 C]-benzoyl-paclitaxel as an internal standard in an analytical 
melhod for determining paclitaxel in me biological fluids. 

10. A process for preparing a labelled compounds of the formula I as defined in claun 1 . 
which process comprises: 

iii) reacting a compound of the formula III 




20 



in 

wherein R4 represents a hydroxy protecting group and R, Ri are as defined in 
claim 1, with an isotopically labelled benzoic acid, 
iv) removing of the hydroxy protecting groups from the resultant compound of 
the formula IV: 
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wherein R, Ri, R4, X, Xi, X2, X3, X4 , Y and Yi are as defined in claim 1, 
to give the desired labelled taxanes of formula I and, if desidered, 
5 iii) converting a compound of formula I into a different compound of formula I. 
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